We propose to briefly review the specific role of lipids in embryonic structures development. Results: Lipids are organic substances insoluble in water, divided into several classes, such as fatty acids, glycolipids, phospholipids, ceramides, sphingolipids, and stereo-lipids. They participate in processes of cellular metabolism and embryonic development which are associated with signalling, proliferation and cell migration. They act in developmental processes such as calcification and bone mineralization, pulmonary maturity, cellular differentiation, and neural survival, epithelial cells polarization and muscle formation, in which phospholipids as a major group, work more regularly. Lipids during embryonic development work directly as transport molecules or cell markers. In addition to an imbalance in its enzymatic and protein precursors (such as choline kinase), lipids can increase or decrease lipid concentration in cells, prevent its biotransformation, or affect its synergy with other molecules, leading to failures in the formation of organs such as the heart, brain, and bones. This aims to further the understanding of these processes and highlight its feasibility for future clinical applications. León et al.; ARRB, 33(3): 1-9, 2019; Article no.ARRB.51981 2 Conclusion: Lipids maintain cell membrane integrity in blastocysts, transport calcium to nerve and bone cells, facilitate neural apoptosis, and promote pulmonary maturation. These results aid in the understanding and prediction of alterations in lipidic metabolic syndromes in several pathological disorders during organ development.
INTRODUCTION
Lipids are organic substances insoluble in water, divided into several classes, and the most studied are fatty acids, glycolipids, phospholipids, sphingolipids, and stereo-lipids [1, 2] . Mammalian cells contain more than 1000 different types of lipids, but phospholipids are the ones with the largest number of molecules distributed throughout the cell [3] . This group is subdivided into four subgroups: those containing choline, such as phosphatidylcholine (PC) and sphingomyelin (SM), and those containing amino phospholipids, such as phosphatidylethanolamine (PE) and phosphatidylserine (PS) [1] . Lipids are distributed in cell membranes and in organelles such as mitochondria and Golgi complex, to perform processes such as synthesis, degradation, migration and intercellular communication [4] .
During the embryogenesis they play an important role maintaining functions as mediators of formation and transport in cellular membranes, they also participate as signposts and activators of migration, proliferation, differentiation and cell adhesion [2] . Besides that, lipids also prevent developmental defects in the organism, as they facilitate the transport of nutrients, function as an energy source and construct organs such as brain and muscles [5] .
Due to its importance during the process of embryo formation, the study has the aim to review the role of different lipid classes in embryonic development, emphasizing their participation in systemic development.
LIPIDS: LETHALITY AND EMBRYONIC VITALITY
Lipids role in organogenesis is directly related with substance captation and with cell signalling; or indirectly when they become unbalanced by alterations in their biotransformative proteins, or when they join to protein cascades, which can lead to congenital malformations or to produce embryonic lethality [6] . An example of these proteins is choline kinase α (CK-α), an essential biotransformation protein in the synthesis of phosphatidylcholine (PC), phosphatidylethanolamine (PE) and phosphatidylserine (PS) (essential cell membrane lipids) [7] , the lack of CK-α causes imbalance in the cell membrane due to deficiency of PC, PE and PS. When this imbalance occurs in the cell membranes of blastocysts, early embryonic lethality occurs due to the inability of the self-regulating embryo [8], [9] . This mechanism alters the phospholipid biosynthetic pathways, such as lack of CK-α, phosphocholine cytidyl transferase (CTP) and phosphatidylserine decarboxylase, can produce embryonic lethality in mice [10] ( Table 1 shows a summary of lipids pathways in embryonic development).
On one hand, early absence of CTP in mice, a catalyst that provides the biosynthesis rate of phosphocholine and phosphatidylethanolamine, inhibits zygote transformation into a blastocyst, preventing cell proliferation and embryo implantation, which may cause early lethality. When this imbalance occurs in fetuses, tissue enzymatic activity is reduced by 50% [11].
On the other hand, phosphatidylserine decarboxylase is essential for the synthesis of PE in mitochondria [12] . Steenbergen et al. showed that the alteration of this process in mutant mice reduces the production of PE, which causes fragmentation and mitochondrial deformity, which increases the lethality of embryos between days 8 and 10 of pregnancy [13] .
Another case of indirect action is in the deficiency of glucose-6-phosphate dehydrogenase (G6PD) a human hereditary disease, in which there is increased activity of phospholipase A2 (iPLA), with a decrease in nicotinamide adenine dinucleotide phosphate (NADPH) that together with the high peroxidation of lipids and an increase of lysoglycerophospholipids, cause cell membrane permeability defects, polarization and cytokinesis, producing early embryo lethality in murine models and in Caenorhabditis elegans [14, 15] . Affect metabolism by mitochondrial disorders [17] PC (Phosphatidylcholine); PE (Phosphatidylethanolamine); PS (Phosphatidylserine); PG (Phosphoglycerides); Ceramides (CR); TR (Triglycerides); SM (Sphingolipids); FFA (Free Fatty Acids); PI (Phosphatidylinositol).
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Moreover, faulty ceramides transport in the absence of ceramide transferase (in live mice) can stress the endoplasmic reticulum and that describes this effect the development and embryonic growth, causing a decrease of cell proliferation and aberrant differentiation, resulting in imminent embryo lethality due to excessive cell death [17] . Lipids such as phospholipids (specifical phosphoethanolamine) act in the uptake of substances such as glycosylphosphatidylinositol (GPI) ( Fig. 1) , anchoring structures to the cell membrane [33] . Alterations or mutations in the functionality of the GPI in mice, interrupt the stretching phase of morphogenesis and/or ruptures in epidermal cells membrane, which leads to early embryonic lethality. This suggests that the cortex connection to the epithelial membrane is weakening as is observed in multiple congenital malformation syndrome and congenital renal abnormalities in humans (9).
Another important subgroup is the phosphoinositides (PI), which combined to actinmyosin, provide the plasma membrane expansion and contraction in Caenorhabditis elegans embryo, which activate cell differentiation [18, 34, 35] . Increased PI levels lead to premature contraction and cellular shortening. Moreover, it produces expansion and premature cellular contractility, varying the cellular form during morphogenesis and leading to embryonic lethality [36].
LIPIDS: MINERALIZATION AND BONE FORMATION
The mineralization and calcification of bones and cartilages are essential for skeleton development at the end of gestation. Since 1974, lipids have been related to calcification and bone mineralization, through phospholipids, cholesterol, and glycerol identification in epiphyseal cartilage development [22, 23] . Other lipid structures were identified as small vesicles rich in sphingomyelin, phosphatidylserine, and cholesterol [21] (summarized in table 1).
Mesenchymal stem cells derived from adipose tissue (ASCs) has been shown by Elashry et al. to improve calcification, cellular proliferation, and differentiation of cell in equine models of osteopenia [37] . Similarly, human ASCs cells (hASC) have been used in bone tissue bioengineering [37-39], as they were shown to be rich in lipid vacuoles responsible for transporting triglycerides in Golgi Complex [19] , [40] , as well as nuclear lipids such as fatty acids and cholesterol [20] , who play a key role in the handling and transport in the cell membrane. These cells have a high osteogenic differentiation potential with protein kinase activation and extracellular signal inhibition, which produces osteogenesis and calcium elimination [41] .
In bone formation, [21] it was demonstrated that the composition of lipids in bones would be distributed in cell membrane (non-polar lipids, mainly sphingomyelin, phosphoglycerides, triglycerides, cholesterol esters, free cholesterol, and fatty acids) and extracellular vacuoles (greater amount of phospholipids and cholesterol) acting directly in bone adjustment. Growth and cell proliferation in bones initiate with intracellular signals activation (Fig. 2) , which activate the kinase to generate phospholipid metabolites. This process begins with lipid vacuoles formation in bone osteoid within the newly formed bone and with calcium release produced by the action of phospholipase C-γ1 (PLC-γ1) (the enzyme responsible for the hydrolysis of phosphatidylinositol 4.5 bisphosphate), which releases calcium from the endoplasmic reticulum to produce amorphous calcium phosphate [24] . For mineralization to occur, a force is required to transport calcium and other minerals to the ossification centre in the bone, composed of calcium-lithium phosphate complex (CPLX -amorphous calcium phosphate and phosphatidylserine) and annexin A5 (a protein and dependent on Ca2+ lipids) [42] . Following, crystal accumulates in the area and maintains the skeleton integrity, strengthening, and bone rotation [43] .
CK protein-related diseases indirectly reduce PC synthesis and participate in the Kennedy route that catalyzes choline-CDP for PC synthesis, that has an important role in embryonic lethality [7, 44] . CK inhibition and deficiency in PC synthesis have been related to abnormal development of bones in peacocks and bone remodelling in rats [45] . In addition, an alteration of CDP-choline route, decline 80% of CP, forming extensive degradation of cell membrane, leading to a decrease in proliferation and differentiation of chondrocytes, which consequently causes deformities in forearm bones with expanded hypertrophic zones, as well as, proliferation and erroneous growth plates formation and ossification centers [46] . 
LIPIDS: EMBRYONIC DEVELOPMENT OF THE NERVOUS SYSTEM
In animals, during nervous system development, neural tube development is conducted with lipids participation, avoiding failures during the process (Table 1 ) [27] . Furthermore, phosphatidylinositol collaborates with GPI, functioning as a molecular receptor for epinephrine on the cell surface. A failure of this mechanism at neurulation in mice would cause inhibition of spinal neural closure, with defects in neural development, without adverse effects on the growth or progression of embryonic development [28] .
In morphogenesis, neuronal studies showed that the phospholipid phosphatidylinositol 3,4bisphosphate (PI (3,4) P2) group is required for neurogenesis programming, they act directly to determine the onset of neurite (necessary for neural circuit beginning) [47] . Under other conditions, phosphatidylinositol participates indirectly in transduction of neurotransmitters and hormones, starting from phospholipase C, a bio transforming enzyme present in neurons, astrocytes, and oligodendrocytes [26] , which can affect neural formation since it is an activator of inositol phosphatidylinositol phosphate and glycerol that, with phosphatidylinositol-3phosphate, activates the neuroexocytosis process [48] .
In nervous system development, approximately half of the neurons generated enter apoptosis, only those with correctly formed and functional synapses remain active. This process of apoptosis is regulated by a signalling cascade that includes insulin-like growth factor 1 (IGF-1) and PI, which acts as a synaptic receptor present in the cell body and synaptic clefts [25] . This process is also regulated by the phosphoinositide-dependent protein kinase 1 (PDK1) that inhibits neuron apoptosis. Phosphoinositide 3-kinase connects with phosphatidylinositol-3,4,5-triphosphate, activates a kinase chain family activating PDK1 by interrupting its interaction with phosphoinositide, and then PDK1 regulates neural apoptosis. Other studies, showed that ceramides and its derivative, sphingosine-1-phosphate (S1P) are fundamental for differentiation of neural stem cells and apoptosis, which also perform differentiation of embryonic cells [49] .
The brain of embryos and fetuses, as well as adults, synthesizes cholesterol locally. Although this mechanism is still a process under study, it is believed that cortical neurons need an indispensable biosynthesis of cholesterol for their maintenance and survival, thus acting directly in maintenance of the developing brain. The brain development needs a higher demand for cholesterol to keep neurites growth, maintain the number of functional axons and neuronal differentiation. These neurons only tolerate a slight alteration in cholesterol biosynthesis, which may have neurodegenerative implications [29] . Due to the presence of cholesterolemia enzymes, cholesterol has been identified in mice embryos in neural crest derivatives, neural tube, brain, and extremities [50, 51] .
Brain lipids, such as sphingomyelin, GM1 ganglioside, and sphingolipid derivatives, have a direct cell signalling function (bioactive lipids). These act by associations or protein binding, lipid rafts formation that regulates cellular signalling protein and messengers activity in the energy balance for differentiation of neural stem cells (NSC) [52] . A review carried out by Ryoul et al. [26] describes how gangliosides participate in early differentiation and embryonic cerebral maturation, cerebral synapses and neurites establishment.
LIPIDS: LUNG MATURATION
Glycerides and phosphoglycerides are related in mammals respiratory system development, mainly in lung maturation (Table 1) [6,31]. Lung maturation is correlated to the presence of pulmonary surfactant, a substance present on lung alveolar epithelial surface that prevents its collapse upon expiration [30] . This protective constituent contains phospholipids, mainly phosphatidylcholine, which is formed at the end of gestation, increasing its synthesis with the body development progress [53] .
Phosphatidylcholine (PC) is the main phospholipid of the cellular membrane in most animals, accounting for about half of the phospholipids in cells and more than half of serum phospholipids. It has a structural role in cell membranes, where it forms the matrix of the bilayer. In addition to being an essential component of pulmonary surfactant, it helps to transport cholesterol through the body [54] .
In addition to phosphatidylcholine, pulmonary surfactant is also rich in phosphatidylglycerol, another surfactant component, as well as enzymes involved in the synthesis of phosphatidylcholine and phosphatidylglycerol, such as phosphocholine transferase [53] . In fetal lung, the percentage of phosphatidylinositol increases concomitantly with phosphatidylcholine, followed by phosphatidylglycerol [30] .
The production of these compounds is carried out by three mechanisms: by increase of microsomal glycerol phosphate that activates phosphatidyltransferase and reduces the increase of phosphatidylglycerol, serum inositol decrease at the end of gestation, which produces a reduction in phosphatidylinositol and an increase in phosphatidylglycerol; also synthesis of phosphatidylglycerol is activated by the increase of phosphatidylcholine [30] .
CONCLUSION
Lipids have been studied mostly through their molecular mediators by bio transforming and synthesizing enzymes such as phosphocholine, cytidylyltransferase, and phospholipase C, or precursor proteins such as choline kinase. Each specific group of lipids has an important role in embryonic development acting as signalling agents, membrane receptor, and transporters.
Since lipids are linked to maintaining integrity of cell membrane in blastocysts, transport of calcium to nerve and bone cells, neural apoptosis, and in pulmonary maturation, it is expected that, in extended time, these results can be used to understand and foresee alterations in metabolic syndromes of lipids in several pathological disorders through organ development. 
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